(19) 




(12) 



Europdisches Pat ntamt 
European Patent Office 
Office eur peen des brevets 



(45) Date of publication and mention 
of the grant of the patent: 
09.07.1997 Bulletin 1997/28 

(21) Application number: 91120578.9 

(22) Date of filing: 29.11.1991 



(n) EP 0 488 394 B1 

EUROPEAN PATENT SPECIFICATION 

(51) into A H03K3/03, H03K 5/24 



(54) Oscillation circuits 

Oszillator-Schaltungen 
Circuits oscillateurs 



m 

G> 
CO 

00 
00 



LU 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 29.11.1990 JP 333074/90 

(43) Date of publication of application: 
03.06.1992 Bulletin 1992/23 

(73) Proprietors: 

o KABUSHIKI KAISHA TOSHIBA 
Kawasaki-shi, Kanagawa-ken 210 (JP) 

• TOSHIBA MICRO-ELECTRONICS 
CORPORATION 

Kawasaki-ku, Kawasaki-shi (JP) 

(72) Inventors: 

• Shlgehara, Hlroshi, c/o Intellectual Property Dlv. 
Minato-ku, Tokyo 105 (JP) 



° Fujiwara, Ryuji, c/o Intellectual Property Div. 

Minato-ku, Tokyo 105 (JP) 
° Matsumoto, Kenichi, 

c/o Intellectual Property Div. 

Minato-ku, Tokyo 105 (JP) 

(74) Representative: Lehn, Werner, Dipl.-tng. et al 
Hoffmann, Eitle & Partner, 
Patentanwalte, 
Postfach 81 04 20 
81904 Munchen (DE) 



(56) References cited: 
GB-A- 2 040 633 
US-A-4 716 383 



US-A- 4 255 723 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement, it shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 0 488 394 B1 



2 



Description 

The present invention relates to an oscillation circuit 
using an oscillator composed of a quartz oscillator or a 
ceramic oscillator as an oscillation source. 

GB-A-2 040 633 describes an oscillation circuit 
which includes a quartz oscillator, a docked inverter con- 
trolled to operate for a predetermined period of time after 
oscillation begins, an input and an output of which are 
connected across the oscillator, and an inverter having 
an input and an output connected across the oscillator. 

US-A-4 255 723 describes the insertion of a PMOS 
and an NMOS transistor in an inverter connected across 
an oscillator. 

Fig. 1 of the accompanying drawings shows a con- 
ventional oscillation circuit using an oscillator. An oscil- 
lator 81 which is composed of a quartz oscillator or a 
ceramic oscillator, an inverter 82 and a feedback resistor 
83 are connected in parallel. A capacitor 84 is connected 
between the earth voltage Vss and one terminal of the 
oscillator 81 and a capacitor 85 is also connected be- 
tween the earth voltage Vss and the other terminal of 
the oscillator 81. 

In general, with the above oscillation circuit, an os- 
cillation start time is shortened and an oscillation start 
voltage is lowered if a large value of mutual conductance 
gm of the inverter 82 is set. As a result, the inverter 82 
can be operated by a low voltage, for example, almost 
3V. However, a penetrating current, i.e., a current which 
" flows through the inverter 82 from the power source volt- 
age Vcc to the earth voltage Vss is increased when the 
oscillation circuit is in oscillation operation near the op- 
eratingpoint so that it is difficult to obtain a low consump- 
tion current with the above oscillation circuit. 

As shown in Fig. 2, another conventional oscillation 
circuit may be arranged such that a clocked inverter 86 
is connected in parallel with the inverter 82. In the oscil- 
lation circuit in Fig. 2, both the inverter 82 and the 
clocked inverter 86 are operated to cause the oscillation 
until the oscillation begins. The clocked inverter 86 is 
turned off after a predetermined time period has elapsed 
from the beginning of the oscillation, and thereafter the 
oscillation operation is maintained only by the inverter 
82. Thus both short oscillation start time and low current 
consumption can be realized by the above circuit. 

However, when the oscillation circuit is operated by 
the low voltage such as almost 3V, the operating point 
of oscillation of the inverter 82 is (1/2)Vcc, i.e., 1.5V 
where Vcc is the power source voltage. Generally, when 
the inverter 82 is embodied by means of the CMOS tech- 
nique, it is constructed by connecting serially both the 
source-drain connections of P-channel MOS transistor 
and N-channel MOS transistor between the power 
source voltage Vcc and the earth voltage Vss, as shown 
in Fig. 3. A threshold voltage Vth of the MOS transistor 
is a typical parameter which has an influence upon the 
characteristics of both MOS transistors. The absolute 
value of the threshold voltage Vth is ordinarily set at 



about 1 V At that time, the current Ice flowing at the op- 
erating point of the CMOS inverter is given by following 
proportional expression as 

'cc-OW-V^) 2 (1) 

where V GSN is a gate-source voltage of the N-channel 
MOS transistor shown in Fig. 3, and is a threshold 
1 o voltage of the same. 

However, the difference between the gate-source 
voltage V GSN and the threshold voltage V thN is reduced 
when the power source voltage Vcc is lowered. As a re- 
sult, the variation of the current Ice is increased due to 
1S the variations of the power source voltage Vcc and the 
threshold voltage V thN . For example, when V thN = 0.9 ± 
0.3V and Vcc = 3 ± 0.3V, a ratio of maximum value Ice 
(MAX) and minimum value lcc(MIN) is given by following 
equation. 

20 

lcc(MAX) _ {(3.3/2) - 6.6} 2 
lcc(MIN) {( 2.7/2) -1.2} 2 

25 = 49 K> 

There is a difference of 49 times between the max- 
imum and the minimum values of the operating currents. 
Assume that the operating current Ice required to main- 
30 tain the oscillation is, for example, 100 uA so much cur- . 
rent of 4.9 m A flows at maximum owing to the variations 
of the power source voltage Vcc and the threshold volt- 
age V^N. 

Accordingly, even if it is tried to lower the consump- 

35 tioh current with the oscillation circuit in Fig. 2, the var- 
iations-of the operating currents are increased when the 
circuit is operated by the low power source voltage and 
thus the low consumption current cannot be attained by 
this circuit. In other words, the oscillation circuit of Fig. 

40 2 can both shorten the oscillation start time, and also 
lower the oscillation start voltage. However, it cannot 
lower the consumption current under the low power 
source voltage conditions. 

An object of the present invention is to provide an 

45 oscillation circuit which exhibits low consumption cur- 
rent under a low power source voltage and has charac- 
teristics of both short oscillation start time and low os- 
cillation start voltage. 

According to one aspect of the present invention, 

so there is provided an oscillation circuit comprising an os- 
cillator composed of a quartz oscillator or a ceramic os- 
cillator; a plurality of clocked inverters having the same 
circuit threshold values and controlled such that all 
clocked inverters begin their operations simultaneously 

55 at an oscillation start time and terminate their operations 
at mutually different times, inputs and outputs of which 
being connected in parallel across said oscillator; a con- 
trol circuit for controlling said plurality of clocked invert- 
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ers; and an inverter having a constant-current means 
connected in series with the power source, and having 
its input and output being connected across said oscil- 
lator. 

According to another aspect of the invention, there 5 
is provided an oscillation circuit comprising an oscillator 
composed of a quartz oscillator or a ceramic oscillator; 
a plurality of clocked inverters having the same circuit 
threshold values, inputs and outputs of which being con- 
nected in parallel across said oscillator; a control circuit 
generating control signals for said plurality of clocked 
inverters such that all clocked inverters begin their op- 
erations simultaneously at an oscillation start time and 
terminate their operations at mutually different times; an 
inverter having the same circuit threshold value as said 
plurality of clocked inverters, the input and output of 
which are short-circuited; and a voltage comparator 
driven by a constant current source, having a non-in- 
verting input terminal, an inverting input terminal and an 
output terminal, said non-inverting input terminal being 
connected to said output of said inverter, said inverting 
input terminal being connected to said inputs of said plu- 
rality of clocked inverters, and said output terminal being 
connected to said outputs of said plurality of said 
clocked inverters. 

According to a further aspect of the invention, there 
is provided an oscillation circuit comprising: an oscillator 
composed of a quartz oscillator or a ceramic oscillator; 
a plurality of clocked inverters having the same circuit 
threshold values and a control circuit generating control 
signals such that all clocked inverters begin their oper- 
ations simultaneously at an oscillation start time and ter- 
minate their operations at mutually different times, in- 
puts and outputs of all clocked inverters being connect- 
ed in parallel across said oscillator; an inverter having 
the same circuit threshold value as said plurality of 
clocked inverters, an input and an output of which being 
short-circuited; and a linear amplifier circuit having a 
non-inverting input terminal, an inverting input terminal 
and an output terminal, said non-inverting input terminal 
being connected to said output of said inverter, said in- 
verting input terminal being connected to said inputs of 
said plurality of clocked inverters, and said output ter- 
minal being connected to said outputs of said plurality 
of clocked inverters. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

Fig. 1 is a circuit diagram of a conventional oscilla- 
tion circuit; 

Fig. 2 is a circuit diagram of another conventional 
oscillation circuit; 

Fig. 3 is a circuit diagram of a CMOS inverter in Figs. 
1 and 2; 55 
Fig. 4 is a circuit diagram of a first embodiment of 
an oscillation circuit according to the present inven- 
tion; 



Fig. 5 is a circuit diagram of the constant-current 

sources in the first embodiment in Fig. 4; 

Fig. 6 is a circuit diagram of an example of the bias 

voltage generating circuit used in the circuit in Fig. 

5; 

Fig. 7 is a circuit diagram of an arrangement of the 
control circuit in the first embodiment in Fig. 4; 
Fig. 8 is a circuit diagram of a detailed arrangement 
of the power-on clear circuit in Fig. 7; 
Fig. 9 is a diagram for illustrating operation wave- 
forms in the first embodiment in Fig. 4; 
Figs. 10A to 10C are diagrams each showing cur- 
rent driving capability of the oscillation circuit in Fig. 
4; 

Figs. 11 A and 11 B are circuit diagrams of another 
arrangement of the inverter in Fig. 4; 
Figs. 12A and 12B are circuit diagrams of still an- 
other arrangement of the inverter in Fig. 4; 
Fig. 1 3 is a circuit diagram of a second embodiment 
of an oscillation circuit according to the present in- 
vention when taken together; 
Fig. 1 4 is a circuit diagram of an arrangement of the 
voltage comparator in Fig. 1 3; 
Fig. 15 is a circuit diagram of another arrangement 
of the voltage comparator in Fig. 13; • - : 

Fig. 16 is a circuit diagram of still another arrange- 1 
ment of the voltage comparator in Fig. 1 3; 
Fig. 17 is a circuit diagram of a part of a third em-* 
bodiment of an oscillation circuit according to the 
present invention; and 

Fig. 1 8 is a circuit diagram of the inverter to be used 
in Fig. 13. 

There will now be described in detail embodiments 
of an oscillation circuit according to the present inven- 
tion with reference to the drawings. 

Fig. 4 is a circuit diagram showing an arrangement 
of a first embodiment of the oscillation circuit according 
to the present invention. In Fig. 4, five CMOS clocked 
inverters 1 2 to 16, for example, and a feedback resistor 
1 7 are connected in parallel across an oscillator 1 1 com- 
posed of a quartz oscillator or a ceramic oscillator. Con- 
trol signal pairs $1, 01 ; 02, 02; 03, 03; 04, 04; and 05, 
05 are supplied to clock signal input terminals of the five 
CMOS clocked inverters 12 to 16, respectively. Opera- 
tions of these clocked inverters 12 to 16 are controlled 
by corresponding control signal pairs. A capacitor 18 is 
connected between one terminal of the oscillator 1 1 and 
ground voltage Vss and a capacitor 1 9 is also connected 
between the other terminal of the oscillator 11 and 
ground voltage Vss. An input terminal and an output ter- 
minal of a CMOS inverter 20 is connected in parallel with 
the five clocked inverters 1 2 to 16 across the oscillator 
11. 

As shown in Fig. 4, the inverter 20 comprises a P- 
channel MOS transistor 21 , the source and drain con- 
nections of which are inserted between the power 
source voltage Vcc and an output terminal, and the gate 
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of which is connected to the input terminal; an constant- 
current source 22 connected between the source of the 
MOS transistor 21 and the power source voltage Vcc 
and having a current value IP; an N-channel MOS tran- 
sistor 23, the source and drain connections of which are 
connected between the output terminal and ground volt- 
age Vss, and the gate of which is connected to the input 
terminal; and a constant-current source 24 connected 
between the source of the MOS transistor 23 and 
ground voltage Vss and having a current value IN. The 
current flowing through the inverter 20, i.e., current val- 
ues IP and IN of the constant-current sources 22 and 
24, is set in advance at the minimum value required to 
maintain the oscillation. 

A control circuit 40 in Fig. ^generates the control 
signal pairs (|>1 , 01 ; 02, <j>2 ; (j>3, $3; <j>4, $4; and 05, 05 
which are used for the clocked inverters 12 to 16. The 
control circuit 40 energizes all the control signal pairs to 
operate the clocked inverters 12 to 16 at the start of os- 
cillation. After a predetermined time has elapsed from 
the start of the oscillation, the control circuit 40 deener- 
gizes the control signal pairs so that each control signal 
pair has an operation terminating time different from that 
of the others. 

An inverter 29 is provided as a waveform shaping 
means for an output of the inverter 20. Since the output 
waveform of the inverter 20 does not fully swing be- 
tween ground voltage Vss and power source voltage 
Vcc, the penetration current is increased sometimes if 
the output of the inverter 20 is used as an input signal 
of an ordinary inverter which is- composed of a P-chan- 
nel MOS transistor and an N-channel MOS transistor. 
However, if the output of the inverter 20 is waveform- 
shaped by the inverter 29 which has the same arrange- 
ment as the inverter 20, the penetration current can be 
controlled with the constant-current source and thus low 
consumption can be obtained. Since the inverter 29 has 
the same arrangement as the inverter 20, as shown in 
Fig. 4, a circuit threshold value of the inverter 29 is iden- 
tical to that of the inverter 20. As a result, when an am- 
plitude of the output of the inverter 20 is small, a wave- 
form-shaped output can be produced from the inverter 
29. 

Fig. 5 is a circuit diagram of the constant-current 
sources 22 and 24 in the inverter 20 in the first embod- 
iment of Fig. 4. The constant-current sources 22 and 24 
comprise respectively a P-channel MOS transistor 25 a 
gate of which is supplied with a predetermined bias volt- 
age V BiasP ; an N-channel MOS transistor 26 a gate of 
which is supplied with a predetermined bias voltage V Bi . 
asN; and a bias voltage generating circuit 28 for. gener- 
ating the bias voltages V BiasP and V BiasN . 

Fig. 6 is a circuit diagram of an example of the bias 
voltage generating circuit 28 used in the circuit of Fig. 
5. In the generating circuit 28, a resistor 32 is connected 
to an emitter of an NPN bipolar transistor. Thus a pre- 
determined collector current is caused to flow through 
the bipolar transistor 31 and therefore a substantially 



constant voltage, for example, almost 0.7V is generated 
between the base and the emitter of the bipolar transis- 
tor 31 . This constant voltage is used to generate the bias 
voltages V BjasP and V BiasN . More particularly, a base- 
5 emitter voltage of the bipolar transistor 31 is applied 
across a resistor 33. A current flowing through the re- 
sistor 33 is supplied to a current-mirror circuit 34 as an 
input current. An output current of the current-mirror cir- 
cuit 34 is also supplied to another current mirror circuit 
w 35 as an input current. Further, an output current of the 
current-mirror circuit 35 is fed back to the current-mirror 
circuit 34 as an input current. The bias voltage V BiasN 
which is applied to the gate of the N-channel MOS tran- 
sistor 26 can be obtained as a voltage of a common 
is node 36 between the current-mirror circuits 38 and 39. 
The bias voltage V BlasP which is applied to the gate of 
. the P-channel MOS transistor 25 can also be obtained 
by shifting the bias V BlasN to the power source voltage 
Vcc side by an inverter 37. 
20 Fig. 7 is a circuit diagram of an arrangementof the > 
control circuit 40 in the embodiment of Fig. 4. The control 
circuit 40 comprises a power-on clear circuit 41 which 
generates a power-on clear signal with a predetermined 
pulse width when the power source is turned on; an up 
25 counter 42 which is reset by the power-on clear signal 
and to which a signal generated by the oscillation circuit 
including the control circuit 40 is supplied as a counter 
clock input CLK; four flip-flop circuits 43, 44, 45 and 46 
which are commonly set by the power-on clear signal 
30 and are respectively reset by count output signals Q1 , 
Q2, Q3 and Q4 of the up counter 42; and an inverter 47 
for inverting the power-on clear signal. The control sig- 
nals 01 and 01 are outputted from the power-on clear 
circuit 41 and the inverter 47, respectively. The control 
35 signals 02 and 02 are outputted from the flip-flop circuit 
43, the control signals 03 and 03 are outputted from the 
flip-flop circuit 44, the control signals 04 and 04 are out- 
putted from the flip-flop circuit 45, and the control signals 
05 and 05 are outputted from the flip-flop circuit 46. 
40 Fig. 8 is a circuit diagram of a detailed arrangement 
of the power-on clear circuit 41 in Fig. 7. The circuit 41 
comprises a voltage comparator 51 which has an invert- 
ing input terminal (-) and a non-inverting input terminal 
(+); a voltage divider circuit 52 which has two resistors 
45 connected serially between the power source voltage 
Vcc and the earth voltages Vss and divides the voltage 
Vcc at a predetermined ratio; and an integration circuit 
53 which consists of a resistor and a capacitor connect- 
ed serially between the power source voltage Vcc and 
so the earth voltage Vss and integrates the voltage Vcc at 
a constant time constant when the power source is 
turned on. An output of the integration circuit 53 and an 
output of the voltage divider circuit 52 are inputted into 
the inverting input terminal (-) and the non-inverting in- 
55 put terminal (+) of the voltage comparator 51 , respec- 
tively. 

Operations of the first embodiment of the oscillation 
circuit shown in Fig. 4 will now be described with refer- 
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ence to Fig. 9. First, when the power source Vcc is 
turned on (Fig. 9(A)), the power-on clear signal with a 
predetermined pulse width and at an "IT level is gener- 
ated by the power-on clear circuit 41 in the control circuit 
40 of Fig. 7 (Fig. 9(B)). Thus the signals 01 and 01 set s 
at "H" and "L" levels at a time t, , respectively, to energize 
the control signal pair 01 and 01 (Fig. 9(B)). Then, four 
flip-flop circuits 43 to 46 are set by the power-on clear 
signal, respectively. As a result, the signals 02, 03, 04 
and 05 are set simultaneously at an "H" level at the time 10 

(Fig. 9(C)(D)(E)(F)) whereas the signals 02, 03, 04, 
and 05 are set simultaneously at an "L" level. Therefore, 
the control signal pairs 02, 02; 03, 03; 04, 04; and 05, 
05 are energized parallelfy at the same time. During the 
time period t^ in Fig. 9, all the clocked inverters 1 2 to is 
16 in Fig. 4 are operated. More particularly, all the 
clocked inverters 12 to 16 and the inverter 20 operate 
immediately after the turning-on of the power source, 
and, since the load is driven by a large amount of cur- 
rent, a time period required for beginning the oscillation 20 
is shortened. In the present invention, a beginning of the 
oscillation is defined such that an amplitude and a fre- 
quency of the oscillation output have predetermined val- 
ues, respectively. 

When the oscillation operation is stabilized to a cer- 25 
tain extent after starting the oscillation (Fig. 9(G)), the 
output of the power-on clear circuit 41 is inverted at an 
"L" level at a time t 2 (Fig. 9(B)). A time period t r t 2 during 
when the output signal is inverted from an "IT level to 
an "L" level is determined beforehand by the time con- 30 
stant of the integration circuit 43 shown in Fig. 8. When 
the output of the power-on clear circuit 41 is inverted to 
an "L" level, the output of the inverter 47 in Fig. 7 is 
turned to an "H" level to deenergize the control signal 
pair 01 and 01 (Fig. 9(B)). Hence, the clocked inverter 35 
1 2 in operation stops its operation at the time tg and thus 
the output terminal becomes a high impedance state. 
The current driving capability for the load is decreased 
by the amount of the clocked inverter 12. 

Following that the output of the power-on clear cir- 40 
cuit 41 is changed to an "L" level, a reset of the up coun- 
ter 42 in Fig. 7 and a set of four flip-flop circuits 43 to 46 
are released. The up counter 42 thereafter starts to 
count the oscillation signals generated. 

When a predetermined time t 2 -t 3 elapsed from *s 
when the up counter 42 begins to count, a lower output 
signal Q1 is first raised to an n H B level (Fig. 9(H)). As a 
result, the flip-flop circuit 43 is reset to deenergize the 
control signal pair 02, 02 which are the Q, Q output sig- 
nals. Hence, the clocked inverter 1 3 in operation stops so 
its operation and thus the current driving capability is 
further decreased by the amount of the clocked inverter 
12. When the up counter 42 keeps the counts continu- 
ously, more significant output signals are raised sequen- 
tially to an "H" level at times t4, t5, and t6. The flip-flop 55 
circuits 44 to 46 are therefore reset in sequence and 
thus the clocked inverters 14 to 1 6 stop their operations 
successively (Figs. 9(I)(J) and (K)). 



If all the clocked inverters 12 to 16 are set to have 
the same current driving capability, then total current 
driving capability is decreased by a constant amount, as 
shown in Fig. 10A, each time when one of the clocked 
inverters 1 2 to 1 6 stops its operation. That is, the current 
driving capability of ail the inverters can be changed lin-. 
early. The abscissa of Fig. 1 0A is a time axis. 

As described above, the operations of a plurality of 
clocked inverters are stopped sequentially one by one 
so that all the current driving capability including that of 
the inverter 20 are sequentially decreased. Hence, the 
disadvantage such that the oscillation has to be stopped 
in the course of the operation does not occur. 

After the clocked inverters stop perfectly, a feed- 
back circuit is formed by the inverter 20 alone. A mini- 
mum current required to maintain the oscillation can be 
flown through the inverter 20. A constant current can al- 
ways be passed through the inverter 20 even if the var- 
iations of the power source voltage Vcc and the thresh- 
old voltages of the transistors 21 and 23 are caused. 
The consumption current can therefore be lowered in a 
stationary state where the oscillation operation is stable. 

In the above embodiment, five clocked inverters 12 
to 16 each has the same current driving capability are 
used. However, in such case, the stable oscillation opr ; 
e ration is wrongly affected with the marked variation of 
the current driving capability due to the turn off of the 
last clocked inverter 16. Hence, as another modification, 
the current driving capabilities of five clocked inverters- 
12 to 16 can be reduced gradually by 1/2, for example, 1 
with respect to that of the previous clocked inverter. This 
is shown in Fig. 10B. In this modification, the current- 
driving capability is changed nonlinearly. More particu- 
larly, all the clocked inverters is operating during the time 
period t 1 -t 2 . At the time t2 when the clocked inverter 12- ,: 
is caused to stop, the current driving capability of all the 1 ■ t 
clocked inverters is reduced to half of that obtained at - 
the time t1 . At the time t3 when the clocked inverter 13 
is caused to stop, the current driving capability of all the 
clocked inverters is further reduced to half of that ob- 
tained at the time t2. Like this, a bad influence upon the 
stable oscillation operation, which is caused by the turn 
off of the clocked inverter, can be suppressed by lower- 
ing the current driving capability of all the clocked invert- 
ers by 50%, for example, every turn off of the clocked 
inverter. At that time, the current driving capability of all 
the clocked inverters is not necessarily reduced by 50%. 
Namely, the current drive ability may be changed non- 
linearly, as shown in Fig. 10B. 

Moreover, as shown in Fig. 10C, it is possible that 
the operation of the last clocked inverter 16 is not 
stopped when the oscillation circuit is in oscillation op- 
eration. 

Furthermore, in the first embodiment, constant-cur- 
rent sources are provided in both P-channel and N- 
channel transistor sides. However, as shown in Figs. 
1 1 A and 1 1 B, the constant-current source may be pro- 
vided only in the P-channel transistor side and also, as 
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shown in Figs. 12A and 12B, the constant-current 
source may also be provided only in the N-channel tran- 
sistor side. 

Next, a second embodiment of the oscillation circuit 
according to the present invention will be described with 
reference to Fig. 1 3. 

In the second embodiment, a circuit consisting of a 
CMOS inverter 61 and a voltage comparator 62 is used 
instead of the CMOC inverter 20 in which constant-cur- 
rent sources are connected between the power source 
voltage Vcc and the earth voltage Vss. Since the ar- 
rangement of the second embodiment except for the 
above circuit are identical to those of the circuit of Fig. 
4, the descriptions thereof are omitted. The inverter 61 
has the same threshold voltage as those of five clocked 
inverters 12 to 16. An input terminal and an output ter- 
minal of the inverter 61 are. connected each other to 
short-circuit. Accordingly the inverter 61 generates an 
output voltage which is equivalent to a threshold value 
of the circuit. The output terminal of. the inverter 61 is 
connected to a non-inverting input terminal (+) of the 
CMOS voltages comparator 62 using P-channel and N- 
channel MOS transistors. A constant-current source 
which is controlled by the predetermined voltage V BiasN 
is provided in the voltage comparator 62. The voltage 
V B iasN is generated by the same circuit as in Fig. 6. The 
inverting input terminal (-) of the voltage comparator 62 : 
is connected to input terminals of five clocked.inverters 
12 to 16 in parallel. The output terminal of the compa- 
rator 62 is. also connected to output terminals of five 
clocked inverters 12 to 16 in parallel. The comparator 
62 compares a voltages inputted into the non -inverting 
input terminal with a voltage inputted into the inverting 
input terminal. An input voltage to the non-inverting input 
terminal is used as a threshold voltage for an input volt- 
age to the inverting input terminal. The circuit consisting 
of the inverter 61 and the voltage comparator 62 oper- 
ates an inverter for inverting the input signal, like the 
inverter 20 in the circuit in Fig. 4. In the second embod- 
iment, the circuit threshold voltage of the inverter 61 is 
designed to be equal to those of five clocked inverter 1 2 
to 1 6. Hence, even when the circuit threshold voltage of 
the clocked inverters 1 2 to 1 6 and the power source volt- 
age are varied, the circuit consisting of the inverter-61 
and the voltage comparator 62 is also affected by the 
above variations. As a result, when the variations in the 
circuit threshold voltage and the power source voltage 
occur, an operating point of the oscillation of the voltage 
comparator 62 which operates as an inverter also 
changes according to the above variations of the 
clocked inverters 1 2 to 1 6 to thus suppress the influence 
to the above variations. 

Fig. 1 4 is a circuit diagram of an arrangement of the 
voltage comparator 62 in Fig. 1 3. The voltage compa- 
rator 62 comprises a differential pair which is made of a 
pair of N-channel MOS transistors 71 and 72; a current 
mirror circuit which is made of a pair of P-channel tran- 
sistors 73 and 74 and operates as a load of the differ- 



ential pair; a constant-current source made of N-chan- 
nel MOS transistor 75; a P-channel MOS transistor 76 
which receives an output from the differential pair; and 
a constant-current source made of N-channel MOS 

5 transistor 77. Sources of the transistors 71 and 72 are 
commonly connected. Drains of the transistors 73 and 
74 are connected to drains of the transistors 71 and 72 
respectively and gates thereof are commonly connected 
to a drain of the transistor 71 . The bias voltage V BiasN 

10 is supplied to a gate of the transistor 75 which provides 
the differential pair with a predetermined operating cur- 
rent. The transistor 77 is serially connected to the output 
transistor 76. The bias voltage V BjasN is supplied to a 
gate of the transistor 77. -The transistor 77 supplies a 

15 predetermined operating current to the output transistor 
76. 

With the above voltage comparator 62, a current 
flowing through the voltage comparator 62 may be lim- 
ited by N-channel MOS transistors 75 and 77 of the con- 
20 stant-current source when only the circuit consisting of 
the inverter 61 and the voltage comparator 62 operates 
as the feedback circuit after all the clocked inverters 1 2 
to 16 are turned off. Hence, a low consumption current 
may be attained in the oscillation circuit. A current is also 
25 consumed in the inverter 61 . However, the inverter 61 
may merely output a voltage equal to the circuit thresh- 
old voltage which is determined by a driving ratio of the 
P-channel side and the N-channel side of the oscillation 
circuit, therefore, if a certain constant ratio is kept and 
30 gate lengths of both transistors are lengthened, a pen- 
etration current may be decreased sufficiently even tak- 
ing the variations into consideration. Consequently, an 
increase in total consumption current is very little 

Fig. 15 is a circuit diagram of another arrangement 
35 of the voltage comparator 62 in Fig. 13. In this voltage 
comparator 62, a resistor 78 is inserted between a drain 
of the N-channel MOS transistor 72 which is a part of 
the differential pair and a common gate of a pair of P- 
channel MOS transistors 73 and 74 which comprises the 
40 current mirror circuit. A voltage amplification factor of 
the comparator 62 is lowered by the resistor 78. Thus 
an output waveform are not rectangular waveform due 
to the saturation of the voltage. 

Fig. 16 is a circuit diagram of still another arrange- 
rs ment of the voltage comparator 62 in Fig. 1 3. As shown 
in Fig. 15, in case the voltage amplification factor of the 
voltage comparator is still high even when the resistor 
78 is inserted between the common gate of the transis- 
tor 73 and 74 and the drain of the transistor 72, only the 
so preceding differential pairs are used as a.feedback cir- 
cuit, but the succeeding inverter consisting of the P- 
channel MOS transistor 76, i.e., output transistor and 
the N-channel MOS transistor 77, i.e., constant-current 
source is used as a waveform shaping inverter. 
55 As shown in Fig. 10B, the current driving capability 
of the clocked inverter can be set at half, for example, 
in contrast to that of the preceding clocked inverter, in- 
stead of setting the current driving capability of five 
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clocked inverts 12 to 16 to be the same. Further, as 
shown in Fig. 10C, the last clocked inverter 16 is able 
to continue to operate. 

As shown in Fig. 17, instead of the voltage compa- 
rator in the second embodiment, a CMOS linear ampli- s 
fier circuit 91 can be used. The resistors 92 and 93 are 
provided as gain adjusting resistors. 

In the embodiment of Fig. 13, the inverter 61 is 
used. However, the clocked inverter can be used so as 
to coincide the circuit threshold voltage with the thresh- 10 2. 
old voltages of the clocked inverters 12 to 1 6, instead of 
the inverter 61. More particularly, since the clocked in- 
verter is operated as the ordinary inverter in such case, 
the earth voltage VSS is supplied to one of two P-chan- 
nel MOS transistors 95 and 96 whereas the power *5 3. 
source voltages Vcc is supplied to one of two N -channel 
MOS transistors 97 and 98, as shown in Fig. 18. 

As described above, the comparator having a low 
gain characteristic (Fig. 15) and the linear amplifier (Fig. 
17) can be used in the second embodiment instead of 20 
the comparator 62 in Fig. 1 3. When the output signal of 
such comparator and such linear amplifier is waveform- 
shaped, the oscillation waveform of small amplitude can 
be surely amplified if the same arrangement circuit as 4. 
such comparator and such linear amplifier is used as 25 
the waveform shaping means. In such case, the con- 
sumption current can also be controlled, as in the first 
embodiment in Fig. 4. 

As disclosed in the above, since the clocked inverter 
operates during a predetermined period of time after the 30 5. 
start of the oscillation, a feedback circuit is formed by 
both the clocked inverter and the inverter at the start 
time of the oscillation. The oscillation circuit is therefore 
driven by a large current and thus the oscillation start 
time can be shorten and also the oscillation start voltage 3$ 
can be lowered. On the other hand, the oscillation circuit 
is driven only by the inverter after starting the oscillation. 
Since a constant current means is inserted serially in 
the path of the power source of the inverter, the constant 
operating current always flows through the inverter with- *o 
out being affected by the variations of the threshold volt- 
age of the transistors and the variations of the power 
source voltages. As a result, a low consumption current 
characteristic of the oscillation circuit can be obtained. 



Claims 

1. An oscillation circuit comprising: 

50 

an oscillator (11) composed of a quartz oscilla- 
tor or a ceramic oscillator; 
a plurality of clocked inverters (12, 13, 14. 15, 
16) having the same circuit threshold values, 
inputs and outputs of which being connected in ss 
parallel across said oscillator (11); 
a control circuit (40) generating control signals 
for said plurality of clocked inverters (1 2, 1 3, 1 4. 



15, 16) such that all clocked inverters (12, 13, 

14, 15, 16) begin their operations simultane- 
ously at an oscillation start time and terminate 
their operations at mutually different times; and 
an inverter (20) having a constant-current 
means (22, 24) connected in series with the 
power source, and having its input and output 
being connected across said oscillator (11). 

An oscillation circuit according to claim 1, wherein 
said plurality of clocked inverters (12, 13, 14, 15, 
16) have the same output driving capabilities with 
each other. 

An oscillation circuit according to claim 1, wherein 
current driving capabilities of said plurality of 
clocked inverters (12, 13, 14, 15, 16) are set such 
that a total output drive current of said plurality of 
clocked inverters (12, 13, 14, 15, 16) is changed 
nonlinearly when operations of said plurality of 
clocked inverters (12, 13, 14, 15, 16) are sequen- 
tially terminated. 

An oscillation circuit according to claim 3, wherein 
the clocked inverter (16) having the smallest output 
drive current value is controlled to operate continu- 
ously from the oscillation start time to the oscillation 
termination time. 

An oscillation circuit comprising: 

an oscillator (11 ) composed of a quartz oscilla- 
tor or a ceramic oscillator; 
a plurality of clocked inverters (12, 13, 14..-15, 
16) having the same circuit threshold values, 
inputs and outputs of which being connected in 
parallel across said oscillator (11); ? 
a control circuit (40) generating control signals 
for said plurality of clocked inverters (12, 13, 14, 

15, 16) such that all clocked inverters (12, 13, 

14, 15, 16) begin their operations simultane- 
ously at an oscillation start time and terminate 
their operations at mutually different times; 

an inverter (61 ) having the same circuit thresh- 
old value as said plurality of clocked inverters 
(12, 13. 14. 15, 16), the input and output of 
which are short-circuited; and 
a voltage comparator (62) driven by a constant 
current source, having a non-inverting input ter- 
minal, an inverting input terminal and an output 
terminal, said non-inverting input terminal be- 
ing connected to said output of said inverter 
(61), said inverting input terminal being con- 
nected to said inputs of said plurality of clocked 
inverters (12, 13, 14, 15, 16), and said output 
terminal being connected to said outputs of said 
plurality of said clocked inverters (12, 13, 14, 

15, 16). 
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6. An oscillation circuit according to claim 5, wherein 
said plurality of clocked inverters (12, 13, 14, 15, 
16) have the same output driving capabilities as 
each other. 

7. An oscillation circuit according to claim 5, wherein 
current driving capabilities of said plurality of 
clocked inverters (12,' 13, 14, 15, 16) are set such 
that the total output drive current of said plurality of 
clocked inverters (12, 13, 14, 15, 16) is changed 
nonlinearly when operations of said plurality of 
clocked inverters (12, 13, 14, 15, 16) are sequen- 
tially terminated. 

8. An oscillation circuit according to claim 7, wherein 
the clocked inverter (16) having, a smallest output 
drive current value is controlled to operate continu- 
ously throughout from the oscillation start time to 
the oscillation termination time. 

9. An oscillation circuit according to claim 6, wherein 
said voltage comparator (62) comprises: 

a differential pair (71, 72) composed of a first 
and a second transistor of a first conductivity, 
gates of which being connected to said one in- 
put terminal and said the other input terminal 
-respectively and sources of which being con- 
nected commonly; 

a third transistor (73) of a second conductivity, 
a source-drain connection of which is connect- 
ed between a power source of a high electric 
' potential side and said drain of said first tran- 
sistor and a drain and a gate of which are com- 
monly connected; 

a fourth transistor (74) of a second conductivity, 
a source-drain connection of which is connect- 
ed between said power source of said high 
electric potential side and said drain of said 
second transistor and said gate of which is con- 
nected to said gate of said third transistor; 
a fifth transistor (75) of a first conductivity, a 
source-drain connection of which is connected 
between a power source of a low electric po- 
tential and a source common connecting point 
of said first and said second transistor and a 
gate of which is supplied by a predetermined 
bias voltage; and 

a resistor (78) connected between said drain of 
said second transistor and a gate common con- 
necting point of said third and fourth transistors. 

10. An oscillation circuit according to claim 5, wherein 
said inverter (61) has the same circuit as each of 
said plurality of clocked inverters (12, 13, 14, 15, 
16). 

11. An oscillation circuit comprising: 



70 



15 



20 



25 



30 



35 



40 



45 



50 



55 



an oscillator (11 ) composed of a quartz oscilla- 
tor or a ceramic oscillator; 
a plurality of clocked inverters (12, 13, 14, 15, 
16) having the same circuit threshold values, 
inputs and outputs of which being connected in 
parallel across said oscillator (11 ); 
a control circuit (40) generating control signals 
for said plurality of clocked inverters (12,1 3, 14/ 
15, 16) such that all clocked inverters (12, 13, 
14, 15, 16) begin their operations simultane- 
ously at an oscillation start time and terminate 
their operations at mutually different times; 
an inverter (61) having the same circuit thresh- 
old value as said plurality of clocked inverters 
(12, 13, 14, 15, 16), an input and an output of 
which being short-circuited; and 
a linear amplifier circuit (91, 92, 93) having a 
non-inverting input terminal, an inverting input 
terminal and an output terminal, said non-in- 
verting input terminal being connected to said 
output of said inverter (61), said inverting input 
terminal being connected to said inputs of said 
plurality of clocked inverters (12, 13, 14, 15, 
16) , and said output terminal being connected 
to said outputs of said plurality of clocked in- 
verters (12, 13, 14, 15, 16). 



Patentanspruche 

1. Oszillations-Schaltkreis, der folgendes aufweist: 

einen Oszillator (11), der aus einem Quarzos- 
zillator oder einem Keramikoszillator gebildet 
ist; 

eine Vielzahl getakteter Inverter (12, 13, 14, 15, 
16) mit denselben Schaltkreis-Schwellenwer- 
ten, deren Eingange und Ausgange Ober deh 
Oszillator (11) parallel geschaltet sind; 
eine Steuerschaltung (40), die Steuersignale 
fur die Vielzahl getakteter Inverter (1 2, 1 3, 1 4, 
15, 16) erzeugt, sodaG alle getakteten Inverter 
(12, 13, 14, 15, 16) ihre Operationen zu einer 
Oszillations-Startzeit gleichzeitigbeginnen und 
ihre Operationen zu zueinander unterschiedli- 
chen Zeiten beenden; und 
einen Inverter (20) mit einer Konstantstromein- 
richtung (22, 24), die zur Leistungsversorgung 
in Reihe geschaltet ist, und dessen Eingang 
und Ausgang Ober den Oszillator (11) ange- 
schlossen ist. 

2. Oszillations-Schattkreis nach Anspruch 1, wobei 
die Vielzahl getakteter Inverter (12, 13, 14, 15, 16) 
dieselben Ausgangsantriebsfahigkeiten zueinan- 
der haben. 

3. Oszillations-Schaltkreis nach Anspruch 1, wobei 
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Stromantriebsfahigkeiten der Vielzahl getakteter 
Inverter (12, 13, 14, 15, 16) derart eingestellt sind, 
daG ein gesamter ausgegebener Antriebsstrom der 
Vielzahl getakteter Inverter (12, 13, 14, 15, 16)nicht 
linear geandert wird, wenn Operationen der Viel- s 
zahl getakteter Inverter (12, 13, 14, 15, 16) aufein- 
anderfolgend beendet werden. 

4. Oszillations-Schaltkreis nach Anspruch 3, wobei 
der getaktete Inverter (16) mit dem kleinsten aus- 10 
gegebenen Antriebsstromwert gesteuert wird, urn 
von der Oszillations-Startzeit bis zur Oszillations- 
Beendigungszeit kontinuierlich zu arbeiten. 



near geandert wird, wenn Operationen der Vielzahl 
getakteter Inverter (12, 13, 14, 15, 16) aufeinander- 
folgend beendet werden. 

8. Oszillations-Schaltkreis nach Anspruch 7, wobei 
der getaktete Inverter (16) mit einem kleinsten Aus- 
gangsantriebsstromwert gesteuert wird, um ab der 
Oszillations-Startzeit bis zur Oszillations-Beendi- 
gungszeit kontinuierlich zu arbeiten. 

9. Oszillations-Schaltkreis nach Anspruch 6, wobei 
der Spannungskomparator (62) folgendes auf- 
weist: 



5. Oszillations-Schaltkreis, der folgendes aufweist: is 

einen Oszillator (11), der aus einem Quarzos- 
. zillator oder einem Keramikoszillator gebildet 

ist; 

eine Vielzahl getakteter Inverter (12, 13, 14, 15, 20 
16) mit denselben Schaltkreis-Schwellenwer- 
ten, deren Eingange und Ausgange uber den 
Oszillator (11) parallel geschaltet sind; 
eine Steuerschaltung (40), die Steuersignale 
fur die Vielzahl getakteter Inverter (12, 13, 14, 25 
15, 16) erzeugt, so daG alle getakteten Inverter 
(12, 13, 14, 15, 16) ihre Operationen zu einer 
Oszillations-Startzeit gleichzeitig beginnen und 
ihre Operationen zu zueinander unterschiedli- 
chen Zeiten beenden; 30 
einen Inverter (61) mit demselben Schaltkreis- 
Schwellenwert wie die Vielzahl getakteter In- 
verter ( 1 2, 1 3, 1 4, 1 5, 1 6), dessen Eingang und 
Ausgang kurzgeschlossen sind; und 
einen Spannungskomparator (62), der durch 35 
. einen Konstantstromquelle betrieben wird, mit 
einem nicht invertierenden EingangsanschluG, 
einem invertierenden EingangsanschluG und 
einem AusgangsanschluG, wobei der nicht in- 
vertierende EingangsanschluG an den Aus- 40 
gang des Inverters (61 ) angeschlossen ist, wo- 
bei der invertierende EingangsanschluG an die 
Eingange der Vielzahl getakteter Inverter (12, 
13, 14, 15, 16) angeschlossen ist, und wobei 
der AusgangsanschluG an die Ausgange der <*5 
Vielzahl der getakteten Inverter (12, 13, 14, 15, 
16) angeschlossen ist. 

6. Oszillations-Schaltkreis nach Anspruch 5, wobei 
die Vielzahl getakteter Inverter (12, 13, 14, 15, 16) so 
dieselben Ausgangsantriebsfahigkeiten zueinan- 
der haben. 10. 

7. Oszillations-Schaltkreis nach Anspruch 5, wobei 
Stromantriebsfahigkeiten der Vielzahl getakteter ss 
Inverter (12, 13, 14, 15, 16) derart eingestellt sind, 11. 
daG der gesamte Ausgangsantriebsstrom der Viel- 
zahl getakteter Inverter (12, 13, 14, 15, 16) nicht li- 



ein Differenzierpaar (71 , 72), das aus einem er- 
sten und einem zweiten Transistor einer ersten 
Leitfahigkeit gebildet ist, deren Gate-Anschlus- 
se jeweils an den einen EingangsanschluG und 
den anderen EingangsanschluG angeschlos- 
sen sind und deren Source-Anschlusse auf ei- 
nen gemeinsamen AnschluG gelegt sind; 
einen dritten Transistor (73) einer zweiten Leit- 
fahigkeit, deren Source-Drain-AnschluG zwi- 
schen einer Leistungsversorgung einer Seite 
eines hohen elektrischen Potentials und dem 
Drain-AnschluG des ersten Transistors ange- 
schlossen ist, und dessen Drain-AnschluG und 
Gate-AnschluG auf einen gemeinsamen An- 
schluG gelegt sind; 

einen vierten Transistor (74) einer zweiten Leit- 
fahigkeit, deren Source-Drain -Verbindung zwi- 
schen der Leistungsversorgung der Seite ho- 
hen elektrischen Potentials und dem Drain-An- 
schluG des zweiten Transistors angeschlossen 
ist, und dessen Gate-AnschluG an den Gate- 
AnschluG des dritten Transistors angeschlos- 
sen ist; 

einen funften Transistor (75) einer ersten Leit- 
fahigkeit, dessen Source-Drain-Verbindung 
zwischen einer Leistungsversorgung eines 
niedrigen elektrischen Potentials und einer ge- 
meinsamen Source-Verbindungsstelie des er- 
sten und des zweiten Transistors angeschlos- 
sen ist, und dessen Gate-AnschluG durch eine 
vorbestimmte Vorspannung versorgt wird; und 
einen Widerstand (78), der zwischen dem 
Drain-AnschluG des zweiten Transistors und 
einer gemeinsamen Gate-Verbindungsstelle 
des dritten und des vierten Transistors ange- 
schlossen ist. 

Oszillations-Schaltkreis nach Anspruch 5, wobei 
der Inverter (61) dieselbe Schaltung wie jeder der 
Vielzahl getakteter Inverter (12, 13, 14, 15, 16) hat. 

Oszillations-Schaltkreis, der folgendes aufweist: 

einen Oszillator (11), der aus einem Quarzos- 
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zillator oder einem Keramikoszillator gebildet 
ist; 

eineVielzahlgetakteter Inverter (12, 13, 14, 15, 
16) mit denselben Schaltkreis-Schwellenwer- 
ten, deren Eingange und Ausgange uber den 
- Oszillator (11) parallel geschaltet sind; 
eine Steuerschaltung (40), die Steuersignale 
fur die vlelzahl getakteter Inverter (12, 13, 14, 
15,16) erzeugt, so daB alle getakteten Inverter 
(12, 13, 14, 15, 16) ihre Operationen zu einer 
Oszillations-Startzeit gleichzeitig beginnen und 
ihre Operationen zu zueinander unterschiedli- 
chen Zeiten beenden; 

einen Inverter (61) mit demselben Schaltkreis- 
Schwellenwert wie die vlelzahl getakteter In- 
verter (12, 13,14, 15, 16), von weichem ein Ein- 
' gang und ein Ausgang kurzgeschlossen sind; 
und 

eine lineare Verstarkerschaltung (91, 92, 93) 
mit einem nicht invertierenden Eingangsan- 
schluB, einem invertierenden Eingangsan- 
. schluB und einem AusgangsanschluB, wobei 5. 
der nicht invertierende EingangsanschluB an 
den Ausgang des inverters (61 ) angeschlossen 
ist, wobei der invertierende EingangsanschluB 25 
an die Eingange der vlelzahl getakteter Inver- 
ter (12, 13, 14, 15, 16) angeschlossen ist, und 
wobei der AusgangsanschluB an die Ausgange 
der Vielzahl getakteter Inverter (12, 13, 14, 15, 
1 6) angeschlossen ist. 30 



Revendications 

1. Un circuit oscillateur comprenant : 

un oscillateur (11) constitue par un oscillateur 
a quartz ou un oscillateur a ceramique; 
un ensemble d'inverseurs synchrones (12, 13, 

14, 15, 16) ayant les memes valeurs de seuil *o 
de circuit, dont les entrees et les sorties sont 
connectees en parallele aux bomes de I'oscilla- 
teur (11); 

un circuit de commande (40) qui genere des si- 
gnaux de commande pour I'ensemble d'inver- 45 
seurs synchrones (12, 13, 14, 15, 16), defagon 
que tous les inverseurs synchrones (1 2, 1 3, 1 4, 

15, 16) commencent a fonctionner simultane- 
ment a un instant de demarrage d'oscillation et 
cessent de fonctionner a des instants mutuel- so 
lement differents; et 

un inverseur (20) ayant des moyens a courant 
constant (22, 24) connectes eh serie avec la 
source d'alimentation, et ayant son entree et sa 
sortie connectees aux bornes de I'oscillateur 55 6. 
(11). 

2. Un circuit oscillateur selon la revendication 1 , dans 



lequel I'ensemble d'inverseurs synchrones (12, 13, 
14, 15, 16) ont mutuellement les memes capacite 
d'attaque de sortie. 

5 3. Un circuit oscillateur selon la revendication 1 , dans 
lequel les capacites d'attaque en courant de I'en- 
semble d'inverseurs synchrones (12, 13, 14, 15, 16) 
sont fixees de facon qu'un courant d'attaque de sor- 
tie total de I'ensemble des inverseurs synchrones 
10 (1 2, 1 3, 1 4, 1 5, 1 6) change de facon non lineaire au 
moment de I'arret sequentiel du fonctionnement de 
I'ensemble d'inverseurs synchrones (12, 13, 14, 15, 
16). 

is 4. Un circuit oscillateur selon la revendication 3, dans 
lequel I'inverseur synch rone (16) ayant la plus petite 
valeur de courant d'attaque de sortie est commande 
de facon a fonctionner continuellement depuis I'ins- 
tant de demarrage d'oscillation jusqu'a I'instant de 
20 fin d'oscillation. 

* 

circuit oscillateur comprenant : 

un oscillateur (11) constitue par un oscillateur 
a quartz ou un oscillateur a ceramique; 
un ensemble d'inverseurs synchrones (12, 13, 

14, 15, 16) ayant les memes valeurs de seuil 
de circuit, et dont les entrees et les sorties sont 
connectees en parallele aux bornes de l'oscilla- 
teur(11); 

un circuit de commande (40) qui genere des si- 
gnaux de commande pour I'ensemble d'inver- 
seurs synchrones (12, 13; 14, 15, 16), de facon 
que tous les inverseurs synchrones (1 2, 1 3, 1 4, 

15, 16) commencent a fonctionner simultane- 
ment a un instant de demarrage d'oscillation et 
cessent de fonctionner a des instants mutuel- 
lement differents; 

un inverseur (61 ) ayant la meme valeur de seuil 
de circuit que I'ensemble d'inverseurs synchro- 
nes (12, 13, 14, 15, 16), dont i'entree et la sortie 
sont court-circuitees; et 
un comparateur de tension (62), attaque par 
une source de courant constant, ayant une bor- 
ne d'entree non inverseuse, une borne d'entree 
inverseuse et une borne de sortie, la borne 
d'entree non inverseuse etant connectee a la 
sortie de I'inverseur precite (61), la borne d'en- 
tree inverseuse etant connectee aux entrees 
de I'ensemble d'inverseurs synchrones (12, 13, 
14, 15, 16), et la borne de sortie etant connec- 
tee aux sorties de I'ensemble d'inverseurs syn- 
chrones (12, 13, 14, 15, 16). 

Un circuit oscillateur selon la revendication 5, dans 
lequel I'ensemble d'inverseurs synchrones (12, 13, 
14, 15, 16) ont mutuellement les memes capacite 
d'attaque de sortie. 



10 



EP 0 488 394 B1 



20 



19 

7. Un circuit oscillate ur selon ta revendication 5, dans 
lequel les capacites d'attaque en courant de Ten- 
sembled'inverseurssynchrones (12, 13, 14, 15, 16) 
sont fixers de facon qu'un courant d'attaque de sor- 
tie total de I'ensembie des inverseurs synchrones 5 
(1 2, 1 3, 1 4, 1 5, 1 6) change de facon non lineaire au 
moment de I'arrdt sequentiel du fonctionnement de 
I'ensembie d'inverseurs synchrones (12, 13, 14, 15, 
16). 

10 

8. Un circuit oscillateur selon la revendication 7, dans 
lequel Pinverseur synchrone (16) ayant la plus petite 
valeur de courant d'attaque de sortie est commande 
de facon a fonctionner continuellement depuis I'ins- 
tant de d6marrage d'oscillation jusqu'a I'instant de is 
fin d'oscillation. 

9. Un circuit oscillateur selon la revendication 6, dans 
lequel le comparateur de tension (62) comprend : 

20 

une paire differentielle (71, 72) constitute par 
des premier et second transistors d'un premier 
type de conductivity dont les grilles sont res- 
pectivement connecteds a la borne d'entrye 
precited et a I'autre borne d'entrye, et dont les 25 
sources sont connecters en commun, 
un troisieme transistor (73) d'un second type de 
conductivity, dont une connexion source-drain 
est connectee entre une source d'alimentation 
d'un cdte de potentiel electrique haut, et le drain 30 
du premier transistor, et dont un drain et une 

• grille sont connected en commun ; 

un quatrieme transistor (74) d'un second type 
de conductivity, dont une connexion source- 
drain est connected entre la source d'alimenta- 35 
tion du cote du potentiel electrique haut et le 
drain du second transistor, et dont la grille est 
connectee a la grille du troisieme transistor; et 
un cinquieme transistor (75) d'un premier type 
de conductivity, dont une connexion source- 40 
drain est connected entre une source d'alimen- 
tation d'un coty de potentiel yiectrique bas et 
un point de connexion commun des sources 
des premier et second transistors, et dont une 
grille recoit une tension de polarisation predy- 45 
terminye; et 

• une resistance (78) connected entre le drain du 
second transistor et un point de connexion 
commun aux grilles des troisieme et quatrieme 
transistors. so 

10. Un circuit oscillateur selon la revendication 5, dans 
lequel I'inverseur (61 ) a le mdme circuit que chacun 
des yiyments de I'ensembie d'inverseurs synchro- 
nes (12, 13, 14, 15. 16). 55 

11. Un circuit oscillateur comprenant : 



un oscillateur (11) constitue par un oscillateur 

a quartz ou un oscillateur a ceramique; 

un ensemble d'inverseurs synchrones (12, 13, 

14, 15, 16) ayant les mSmes valeurs de seuil 
de circuit, dont les entryes et les sorties sont 
connectyes en pa rally le aux bornes de I'oscilla- 
teur (11); 

un circuit de commande (14) qui gSnfcre des si- 
gnaux de commande pour I'ensembie d'inver- 
seurs synchrones (12, 13, 14, 15, 16), de facon 
que tous les inverseurs synchrones ( 1 2, 1 3, 1 4, 

15, 16) commencent a fonctionner simultane- 
ment a un instant de depart d'oscillation et ces- 
sent de fonctionner a des instants mutuelle- 
ment diffyrents; 

un inverseur (61 ) ayant la m§me valeur de seuil 
de circuit que les yiyments de I'ensembie d'in- 
verseurs synchrones (12, 13, 14, 15, 16), dont 
I'entrye et la sortie sont court-circuityes; et 
un circuit amplificateur linyaire (91, 92, 93) 
ayant une borne d'entrye non inverseuse, une 
borne d'entrye inverseuse et une borne de sor- 
tie, la borne d'entrye non inverseuse ytant con- 
nected a la sortie de I'inverseur (61), la borne 
d'entrye inverseuse ytant connected aux en^> 
tryes de I'ensembie d'inverseurs synchrones^; 
(12, 13, 14, 15, 16), et la borne de sortie ytant*: 
connected aux sorties de I'ensembie d'inver- , 
seurs synchrones (12, 13, 14, 15, 16). V 
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